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Editorial C omment— 


OIL’S PERFORMANCE 
SUPPORTS ITS CASE 


By Robert L. Minckler 


; ene Pet eur P 


( )*! of the most important proble ms facing the A \ eas le price for our pre 
oil ! 


ndustry today is our relationship with the Cr ( I i is | iat prices should not 


public net a ’ kholders or empl Vees or customer ‘ t product Differen ¢ 
society he social performance of the oil industr | t ! o not affect demand for 
ittack by enemies of great power and resourcefulne \ ‘ ‘ e war do not 


n result in more gase 


must meet it. This can best be done by pre« onversion from coal to oil 
n terms of what our industry bas done tor peoy t " ‘ wt } heating than price. but the is 


Civilization has developed as man has learned to ‘ | ‘ the numl 


wr of domestic oil burners 
From the use of his hands he progres-ed to dome wt indicate that too hig 
inimals, to capture of the wind, to falling water nand 
the past 200 years to the vast sources of energy in on profits From 1929 t 
ind electricity. This revolution has extended se earned an average of 
United States that the use of energy in astronon per vear, while the iverige 
1as made it possible for us to be the most product rperations earned 90 per 
the world, with the highest standard in world h d 1948. did the rate of profit 
living standard is reflected in the following compar f f ‘ xceed of the other companic 

ipita consumption of energy in 1937 


United States 7.000 KW 
United Kingdom 500 KW 
Western and Central Europe ,630 KW ! rit eral plotting against the public wel 
France 2 800 KW = ike usy most of the time taking 
Japan 1250KW ead out oF tne hs of widows and orphans. As a simple 
Eastern and Southern Europe 827 KWH fact ‘ t gaged in handling and moving about a 
China I7OKWH os eavy. bu low-grade commodity. We search for it is 


ustry would have vou think that 


he bow o t h. lift iy into tanks stag 
i aniiita: seamen Wis ill Riadlaatiaes Midis Raia a . up mts an pump tt miles to 
t ' toup, put it on a tank car, truck 
role in the supply of energy to the American peo; ip 
D we it mil o 4 terminal, unload it and load 
which our high productivity and iiving standards are ! 
: | tin ritil it to the filling station. The station man 
The oil industry's output of energy in 1948 was t ' k | ichield, giv 
pu t into ft omers tar “ : his windshield, gives 
what it was in 1920. In that vear coal supplied 7 ( nt ; ba a “ ad 
- rl ! t adech pes m thre . . 4) 
of the nation s energy it now suppl es 38 per cent ‘ : oes sta eee 
; ' ott wreduect th requires all this human labor and 
share has increased in the same period from 18 per ce 
nerg ! r i] i buy for three cents a pound 
per cent This outstanding record ts ample evidence ! sv > a | | > 
have met our ocial obligation to produc e an al j ) ; ; “s \ , a “se umber is pes : 
' ton ibout nd that three nts is f Lasall 
our products and make them readily available for ‘ ! ‘ “pny papicsncl.rae-s 


one-half cent ! do 
the people. We have the means to carry on this ‘ pound, down 


. k and gravel 

ire of high quality. Steady in : t that in be applied. ours j in 
made workable the improvement ' riant ind wets 3 served the public well. No one 
speeds at which the machinet t , arate ry holes as we have would pretend 
the other factors which steadil t t t ‘ wen made in the oil business. But 


on 


duction of our economic svster ndustry ts IMpressive Phis reeord 


uur services has been constant istand er people 
nt of new uses 1 \ re 1 ty bulwark of our defense igainst 
explosive 100-octane gas , tt er f. moaletoal 
We are now making new fe 


lvents. plastic materials, synthet 


motives and by bureaucrat 
ndustry and break it up into 
performance will Support our 


iopene for anti-histamine pill | t thie ! t be left free to try anv new idea 


15.000 scientists and ¢ : ; = See: Rae te ay epee. 
esse or position but should 
| | ‘ ctual manner and stand on 


Caspe Vv R ppor * ” * 
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Methods of Treating Water 
For Flooding Purposes 


By A. Richard Ellenberger” 


Wit the introduction of water flooding as 


forcing the residual oil from producing sands, the oy 
tor noted that the rate of intake diminished with the time 


which the flood had been operated. As 


observed that there was ar nitial fill-up 


time went of 


period requ 
before a pressure potential was developed by the inje | ‘ Water is s ’ t 


eve! 
water. It was difficult. however. t 


o distinguish between ibstantially main 
crease in the rate of intake a onsequence of the mex mstances is relatively 
urose because of chem | | t Is n ‘ ind 


changes resulting from the character of the 


iam of the fill ip and that which the only corrosion 
water. Only where 
condition were so extreme that the intake rate diminish 
very rapidly did the character of the water used take o 


proper importance in the mind of the producer 


vgen, which is minor 


quilibrium is already attained 


organisms, such 


lgae, fungi 
. i i e ren The growth of algae in tanks 

The ideal flood water is one which does not react with the : oh itt 
¢ t i t + a residue in the water that can 

oil-bearing sand or any constituents normally contained in 

the sand: moreover, it must permeate the 

readily. Whatever the ideal flood water 


is under the necessity of util 


' he n ind seriously reduce the water 
sand uniformly and 


a ; . put ‘ I san flect and certain bacteria give 
wy a 1 oper itor . 

' gp ‘ orrosion in lines between the treatment 
ing such water is is ivatiall 

upon the premises or whicl iy be transported to the | 


at reasonable cost. It is the part of wisdom, therefore ) ‘ . ve ne cas ts of chlorination, coagula 


dluce from available supplic 1 water which most ne | 
proaches the conditions of t leal flooding medium : t elore spenenaed ind filtration and persists alter 


one r r con > } } 
rommensurate with the re obtained Its effect is ipplic ible both 


tabilization The chlorine 


nes , | | } 
é i cases where alg i chlorine 
The oriwinal source of water n wells. in s rs 
ilfate 
Sireams is from precipitatio mite the 


surlace 


In the interval in which it n contact with the 
this pure di tilled water 
Mitrogen from the air. In percol 


carbon dioxide. o i ; eas 
ttle r nillion of 
lating through the surface { 
\ U me « i t connat V 
She earth and later in contact with deeper strata t t ‘i = 
| ‘ ! ‘ ‘ I ! acladitiort 
Bions of the minerals composing the ¢ irth are diss ‘ ; 


Rimes this occurs with the d of the dissolved ¢ I 


Feact with the minerals te es ert them to compoun 


in water. For ex imple, d carbon dioxide 


insoluble limestone conve into soluble 


bonate. Carbon dioxide d mn rain water 


active than when dissolved contaiming 


the bicarbonate is formed reby increasing buffer Results are expressed in parts per million 
tent, the acidity of carber solutions 
eventually equilibrium 3} 
thi solver water co 
ilfate ind nitrate 
metals { ind the eartt . The 

are sediun ‘ ssium 

ganese. Cat 

m dissolved 

nary condition 

present is dependet 

pressure. B 

siderable chi 


water Ww 


*Manage 
presented 
@ 19s 
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water, acc ording to our prox edure, is very « lose to eq Table ll 
The only treatment given it, apart from filtra Results are expressed in parts per million 
addition of chlorine and a minimum amount 

phosphate 


No treatment had been given to this water pr C0 
The eal ol get oO 


Pt 


institution of the procedure outlined above 
curve shows that intake rates have been maintaine 


Examination of the lines which carry this wate 
SO) 


Vin 
UNSTABLE WATERS Ikalinit CaCO 
Instability Due to Calcium Bicarbonate Ikalinity 

Waters flowing through strata containing calciun 


that no deposition is occurring nor is the line 


detectable corrosion from the inside 


{ j 
alo 


dissolved considerable amounts of this mineral 
bicarbonate 

CalO ' CO ' HO CatHco SO 14 

(Insoluble) (Solubl Ca 24 


This reacti« Ve 10 


m is reversible and the escape of 


dioxide will result in the deposition of caleiur 


must be paid to the removal of 


as an insoluble residue The pH of such water ey tnetance and tis elfectivaness of 


lower than that which would be found « equilibr | : : see metdaaatitin emmbesias saee the aus 
indicates more carbon dioxide than can be held in « 
hy 


ae maintamimg or imcreasing intak 
by the calcium carbonate. This “aggressive” car 
acting as an acid which is weak but effective 


either calcium carbonate or iron. By measuring 


ola water low in pH but tre 
1 on. Its corrosive charactes 
of bicarbonate produced as a result of bringing . ake " 
rt! ror mtent of t water 
equilibrium with additional calcium carbonate, the a ee : tie: 
from the plant increased, Treat 
ness of the carbon dioxide may be determined 
\ , t iulkali. chlorine and comple ‘ 
the water makes tt possible to ascertain the ondit f | 
: reatment. corrosion of pip ines 
which equilibrium may be secured. This conditior ; “ ; ; — ; pipe “ 
, vera, Shortly atter th nitiat 
rium is affected by the temperature and by the : . - Ses , 
e om intake rate was noted with 


type of dissolved constituents present. Only ; 
» thon 


tory study of the water or waters to be tre 

sufficient data on which to base a course of treat © Waters Containing Iron and Manganese 

quately dealing with this problem | 
In some instances, hvdrated lime Ca(OH 


the alkilinity to the proper value in others 


irrence for ground waters to 


irbonate which are held in 


. ree lioxide in much the same manner a 
\aQH . ised The amount of chemical to be .. . , } 


owever, some difference bn 


puted from laboratory data omposition of the bicarbonate 


In some instances, no calcium carbonate is p vo aaant senda aed 


yut th « ~ uctio 
it in others there is a reductior Senietis: Senabrivale The 


lj ived bicarbonate a th . he olved oxygen in the water to 


« that tl t hich sho 
ins that the filter, whieh sh drated manganese dioxide 


d wen ) o 
illed upon to remove rent precipitate which is partic 


suspended matter Phi ot 


water whet depo ited upon the 


ontrol of stab . ev 0 ' 
nse f stabilit t ¢ iron and manganese ipport 


preceding on teria which may include Crene 
ites is such that 


le H 
Pable 


Results are expressed in parts per million 


co 
0 
Mt 


SO 
Vn 

} 
CalO 


43 
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Table LN 

Results are expressed in parts per million 
pH 
Carbon Dioxide CO 
Dissolved Oxygen 0 
Color p 
Turbidity 
Sulfates 
Mangane « 
Iron (Total 
\lKalinity 
Equilibrium | Alkalinity 

ests | pH 

Chlorides Cl 
Soap Hardness CalO 
Silica SiO 
Caleium Ca 


Magnesium Ve 


thrix. These proliferate as a fibrous mass in which the 
oxides are incorporated Ik prevent their growth the complete 


removal of iron and manganese is hecessary Failure to do 


may result in very serious trouble 


The first step in their elimination calls for the reaction 
the carbon dioxide with a basic substance, either lime or 
tic soda. Since deep-well waters do not normally contain 
solved oxygen, and do not acquire it if the water is produce 
with turbine pumps, chlorine must be introduced as an oxid 
ing agent to convert both metals to their higher oxides 


function is in addition to its normal and exceedingly valuabl 


one of eliminating bacteria ilgac and fung! 


Where several parts per million of iron are present 


often necessary to add any other coagulant since ferric 


ide performs this function. When filtration is properly 
ducted, when filter beds are maintained in good conditior 
when the proper dosage s ot chlorine prosphate and lime 
idded, iron and manganese-bearing waters will be finis 
with a clear and brilliant appearance that presages very 


istactory fleod performance. Following filtration, the 


requires the same treatment with complex phosphate a 


to the previous cases 


Table LIL shows a water which contains no manganes 


a considerable amount of iron. By feeding chlorine 


proper quantity of alkali, excellent iron removal was obtains 


At least 90 per cent of the iron had been sedimented 


the water went to the filter 


Table LV gives the analysis of a water which proved to 


ve to steel line In addition Wm contam 


lable V 

Results are expressed in parts per million 
pil 
Carbon Dioxide CO 
Dissolved Oxygen 0 
( olor 
Turbidity 
Sulfates 
Manganese 
Iron (Total) 
Alkalinity 
Equilibrium } Alkalinity 

Tests pH 

Chlorides 
Soap Hardness 
Silica 
Calcium 
Magnesium 
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inganese¢ The water is treated wit! 
very small amount of phosphate betore 
n more complete iron and manganese 
anganese and all except 0.2 ppm. of 
sedimentation prior to filtering. After fil 
t of complex phosphate is added t 
lution. This water has prov 


m the Bradford sand 


Waters Containing Dissolved Gases 


t that the presence o 4 liokicle 


nother 


ind causes it to be corrosive \ 


sculhde. may have even more sermu- 
sulfide reacts with iren directl 
and black, insoluble ferrous sulfide 


ferrous sulfide causes the react 


mpletion. The exposed metal is protec 
the surface of the pit formed by corrosier 
appearance. Because of its rapid action 
and the formation of a considerable 
lid residue hydrogen sulfide must be 
is the opportunity to react. Like carbon 
sulfide may be largely removed by aeratior 
of oxvgen into the water luring the pro 

ts own 

is oxiding agent converts hvdroget 
ind sulfates. It is essential in this, as 
control the dosage of chlorine accurately 

this purpose needs to be installed 
inalysis of a water which requires fine 
il dosage in order to whieve a satista 
The hydrogen sulfide is oxidized b 
oni precipitated by addition of alkal 
necessary in this case becau of the ir 
water. Complex phosphate for after 
success of this operation and only by 


be made available for floodin 


USE OF PRODUCED WATERS 
produced water as flood mediut 
disposal while it provides 
ome advantages 
nate water It 
constant in Compos 
ind reinjection unles 


Continued on Page 5. Section 


Table VI 


Results are expressed in parts per million 


1] 
SO 640 


We 
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INFLUENCE OF DIFFERENT TYPES OF FORMATION WATERS 
ON DISINTEGRATION OF CEMENTS 








ROSCOE C. CLARK, JR., STAN D OlL AND GAS COMPANY, TULSA, OKLAHOMA 


ABSTRACT © i were ned to the laboratory when deteriot 
! t i ser tate 
t of various corrosive water 


ee ee EXPERIMENTAL RESULTS 


cent tricalcium aluminate 
laboratory tests the resistance of the 


m was determined by the cond 
” — the imple na imber of samples of each that 
INTRODUCTION ‘ lit it tl end of the immersion period 


il held experience indicates that some fort tested in the order of their 
excessively corrosive to some cements A st ‘ et t \ t i 0 resistant at the top and 


de to determine the most corrosive waters at 
resistance { various types of cement to these corr i | t reveals that the upper half of the 
et and sulphate resisting cements 


PROCEDURE ‘ tent while in the lower half the port 
{ } trength cements are in tl ajor Ot 

This study of the corrosion of cement was limit emen ure in the majority 
iation of the effect of various corrosive waters on ¢ strength cements — offer 
water corrosio 
ypes of cements. A determination was made : — 
mmposition of the cements listed in 


cements which offer the greatest resistance to 


mical contents of waters found to be the i general rule the cements contaming 
dluminate will exhibit the 


to cements 


The laboratory tests were conducted by 

cylinders of 20 samples of set cement in vari corrosive waters Was com 
waters. The initial mixing of most of the cement he order of those containing 
done using ilsa tap water as the mixing water that failed completely Phiese 
few of the slurries were mixed using a sulfate w 1] with the most corrosive 
mixing wate When the 20 samples had beer corrosive last 
i period of nine months, they were removed fr t end views of cement samples which 
resive baths, inspected and photographed baths of five per cent MeSO 
The field tests were conduc 1 bys placing ter aSO, water respe tively in the 
nens. each containe screen wire thimble ire representative of the result 
anchors of . a i in differs il evaluation of the corrosive 

i cements 








FIG. 1 SLOW SET CEMENTS 6, 12, 13; STANDARD F N F 2 T 6. 12, 13; STANDARD PORTLAND CE 
MENTS 10, 20. 21; HIGH EARLY STRENGTH EMEN » 2 v Z y H EARLY STRENGTH CEMENTS 3, 4,9 
14, 19, SAMPLES OF CEMENTS IMMERSED IN THE FIVE iT 4 y AMPLE EMENTS I|MMERSED IN THE FIVE PER CENT 
MgSO. BATH FOR NINE MONTHS MONTHS 
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FIG. 3 RESULTS OF FIELD TESTS. SAMPLE A, TYPE ii CEMENT; SAMPLE 
B, SLOW SET CEMENT; SAMPLE C, MISCELLANEOUS CEMENT, SAMPLE 
D. HIGH EARLY STRENGTH CEMENT 


} 


Figs Sand 4 are representative of the results obtair 
the field tests. In evaluating the effects of these forn 
waters on cement sample t should be noted that the spe 
mens were placed in the well in such a position that they were 
exposed tw extremely large volumes ot formation water te 
ments exposed to smaller quantities of water in relation 
the cement volume under less violent agitation should wit! 


stand corrosive waters much longer than the time in« ite 


hy these tests. It is believed. therefore. that cement placed 
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INTERPRETATION OF CAPILLARY PRESSURE DATA 


W. R. PURCELL, SHEL! 


I i previous technical nete by 


Wal 


evidence is offered in support 


er Rose 
of the 


f cle scribing oil re 


contention that “the po sibility 
overy teatures in 
terms of capillary pressure 


established 


if this 


phenome na 


has not been entirely It 


is not the purpose ¢ note to pre 
sent further discussion of this possibil 
ity but rather to point out that the argu 
ment presented there does not appear to 


he generally valid 


In the cited reference ts 


Welge 


water 


note made 


to the experiments of wherein 


shown that when was dis 
oil 
n the water phase was less than in 
oil phase but that 
then produced by water drive the 


the 


t Was 


placed by from a core the pressure 


the 
when this oi 

pres 
sure in water phase 


was greater 


than in the oil phase Rose has con 
cluded that 
conditions of static equilibrium did not 
the fluid 
such that phase discontinuities seemed 


ilikely. The 


clusion 


from these observations 


»btain since saturations were 


which 


Is h ised 


argument trom 
was drawn 


that “the 


contentio pres-ure ts al 


in the non-wetting phase 
nterstitial 


wetting 


intertace of 
pha e.” This 


ippears to have been reached 


msideration of capillary phen 
viindrical tubes. although it 


other types of pore 


below 


i tor all pore shapes and 


is will be shown 


erally applicable 


Since t pore tructure of porot 


dia such as reservoir rocks i" 


dety 
undoubtedly of 


! 
general so complex as t 


lescription it is 


i model in term 


Known geometry pre 


the limitations of 
That the lim 


of the capillary or 


surse that 
ire recognized 
evlindrical 
fully 
the 


pore of dif 


not always beer 


Il be 


ission of a 


have 


evident from 


but one which may a 


! the capillar 


onsidered a- 


considered 
which may be 
doug! 
{-B-A 
fluids P 


meets the solic 


“hole in a 
the inte ria t 
immiscible and 


terface ilon 
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fluid 
ressure in this phase will be less than 
that in fluid P 


osition re presented by = 


ex with respect to and the 
If the interface is in a 
however, it 
will be flat and no pressure difference 
will exist between the two fluid phase 
Finally 
s defined by x,, it 
respect to P, and the 
will be 


if the position of the interface 
will be concave 
with pressure im 


his phase than ! 
uid P 


The above 
that 


greater 


considerations have shown 
there are equilibrium 


the 


hen post 
theoretical 


the 


within 
for 
fluid phase may be greater than 
the 
ther fluid phase although the wetting 


tions 


Fig. 1 


pore of 


which pressure in one 


equal 


the 


or less than pressure in 
properties and contact angle are every 
where the same 


considerations it 
the 


geometric al 
that 


From 


be shown for pere under 
Ission 
PR 
4 1+ Rr (1 Cos & 
where P. (the 


the 


Los | 


‘ apillary pressure 


between the two 


the 


differenc e 

and P.. @ is 
the 
the 


pre ssture 
a 
sion, R 
solid. 7 
ind @ and x are angles as defined 


Fig. 2 


interfacial 
radius of curvature of 


minimum radius of the 


shows the dimensionle 


juantity plotted as a function of 


xy for various values of contact angle 
fluid P 
} From 


/ as measured through and 


for an arbitrary R/r spacing of 
this plot it is seen that for a 
(O° and 180 


pressure. P 


given con 
the 
bet! 


ex epted } 
exlubits 
for 
the 


ipillary 


positive and negative values post 


tions of the interface within pore 


pre 


ce ry and @ are always positive 
ve values of P. indicate that the 
in fluid P that in 


values 


is greater than 


negative indicate the con 


ree situation 
We 


ivicer in a 


the 


dimensional array of 


consider now eapillary b 
three 
similar to that shown in Fig. | 
filled 
dis 
standard 
tech 


pores 
The pore spaces are originally 
(P.)) which is to be 
oil (PL) by 
capillary 
the 


wet and that the 


tl water 


placed with the 


plate 
Let us 


pre ssure 


say solid is preter 


ly water contact 


e of oil and water against the solid 


Compare thi puatior ith that for a cas 
Por 
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with the water saturate 
the pressure in the tw 

being the im there 

‘pontaneonu displacement { the 
water til =the oil water ntertace 
reache position 

r, Oo) Point A 

por expo ed at 

number of 

pared te 

olume { water 

total prore space 

nall. This initial 

resented b 1 portion, 4B 
thetical capillary pres 

mn hig ’ Pre sure 
the water phase 


iall 


further 
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Legal Aspects 


of Unitization 


Speaking 


betore 
the Pacific Pe 
troleum Chapter in Los Angeles. Morti 
Kline. a exten ive ex 
perience if 


that an 


last month some 


embers and guests of 


mer lawver with 
the petroleum industry said 
must be 


intelligent discussion 


understanding of the 
the 


idvantages to be accomplished by unit 


preceded by an 


meaning o objects and 


f unttization 


ization, the necessity of unitization t 


accomplish such objectives and the 


orms of 


K line 


ispects of 


initization plans 


was speaking about the legal 


initization Development of 


petroleum resources has expanded at 
the 


the petroleum industry is due in large 


in amazing rate and success of 
measure to the existence of competitive 
enterprise. Although petroleum reserves 
ire vast, if ts recognized that these re 
limited. Because of 


this irreplacable nat 


the lim 


serves are 


reserves of 


ited 


iral 


provement 


resource 


there has developed im 
n production practices and 
enactment of statutes to permit opera 
tion of oil fields under improved meth 
rds rf California 


cor 


depletion. In 


has | 


servation existed o i oluntary 


Hasis 

In the t 
of the petrole 
ment of property 
established 


were 


Zz 4 property owner title to 

sas produed through wells lo 
land re gardless of the i 
ource. As a 


operating 


on tis 
obli 


under the 


round result of the 


yutions of lessees 


t t capture much waste of petro 


leum has occurred and many more wells 
ve been drilled than the number ne¢ 


' t 


ssary the 
There has< 


ive self preservation 


Robert 


ecover hvdrocarbors 


existed a practice of destruc 


Kline 


Hardwicke’s article 


referred te 
‘The Rule 
ind Its Implications as Ap 
Gas.” 13 


| he CACESSIVE 


ot Capture 
plied to Oi 


, 0] 
Review 39] 


and Texas Law 


drilling and 


the duplication of surtace facilities 


ave resulted in the development of 


pooling. spacing regulations and uniti 


It is generally recognized that 
the oil occur 


older 


overy 


i minor traction of 
overed by 

The re 
doubled by 


ich can be 


underground is re 


oduction — te 


hinique 
sometimes be newer! 
j 


ipplie under 
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niditional tracts outside of the 


it boundary are proved to be 


Another 


relative 


important feature 


participation which 


ther fixed at the outset or sub 


djustment by receptable 


K line 


th the 


score 
recommended a paper 
prep 
writ 


ville 
first an 


negotiation and 


unitization 

M. Williams of 

nd published n 
report of the 
Institute on 


agreements 

Bartle 
the 
Southwestern Legal 
Oil 


lation ind fea 


e revalty owners consent can 

secured by education 
The le should 
the objective 
unitization will be 


efficient] if the 


terily 
mwher -ores 

dvised of 

and 

mated thre 
the advice of a reput 


Althoug! 


advat 


employ 
nde pe ndent consultant 
works to 


the 


ind project 


f the rovaltvy owner, there are 


wherein the rovalty 


lor 


owner | re ilcitrant 


tuations 


innot be personally contate 


the rovalty 
response \n idequate 
complication is afforded 
Oklahoma and Loutsiana 


t wherem it ois provided 


juent to not tion and op 


re spond { commit 
these state 
fair and 
upon 

1 to the 
at one man 
otiations said 


idache 


e (he 


as the do 
selfish intere 
will 


whe 


but 


iperator profe 


initize whe try the 


4 persistent fature 


ine or a retusal te 


that are relatively minor 


benefits to be derived 


here and there 


: point 


the dav of unitization 


tatutes, the rovalty 


4 pre 


init under ne 


eoeration 


ympulsion to do «« der exist 


( ontinued on Page Section 
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RICHARD V. HUGHES 
Calls for More Cooperation 


The third le { \IMi 
mn" econ 
Riehard \ 
earch In 
eral Pet 
ele Hruwhe 


resear nh ined 


probe ! 


Hughe exp 
fortunate that water 
tially developed n 
of Pennsvivania 
had undergone two per 
drilling and had failed 
isfactorily to vacuum a 
Water-flooding practice 
ecidental floods and 
nique progressed 
pile of some opinion 
the Bradford field pre 
unfavorable 
meability 
complicate 
and by 
parent th 
financial 


larg 
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Water Flood Research 


By Milan G. Arthur 


ip lary pressu 
nterstitial water 
not sands are 
the relativ mer 
pH fresh waters 
ial oil saturations 
maximum sate 
relative merits 
reduction, whether 
forms ahead 
it desirable 


ositle 


F a 


4 BREAK IN THE MEETING brought these three members together for a 
private disctission © econdary recovery problems at the Pacific Coast Petro 
leum Technology Group third lecture of a summer series. They are, left to 
right. C. R. Dodson, University of Southern California professor; Branch Chair 
man John E. Sherborne, Union Oil Co.; and Carrol M. Beeson, associate pro 


fessor at LS 


JURNAL 
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Sub-Surface Instruments 


By W. G. Paul 


W Sheldon, reservoir engine 
with the Ohio Oil Co. in the San Joa 
juin Valley. discussed the uses of sub 
surtace instruments in| reservoir engi 
neering at meeting last month of the 
Junior Section of the Pacific Petroleun 
Chapter in Downey. Calif 
Sheldor emphasized the many prob 


lems confronting the reservoir engineer 


is analysis the engineer must rely Ww. Cc. SHELDON 
Engineers Rely on Well Data” 


well data. which in the most high 


ly developed fields represents relatively 
few and poor sample points Also the the temperature 
data must be interpreted to properly ire pressure recorder 
develop intrinsic reservoir properties entioned briefly the Humble 

ida units with which most 


imiliar. A more recent 


is the tool discussed wit 


Such factors as completion effectiveness 
ind producing conditions imposed will 


loud the picture. Sheldon coined the 
orm well effectiveness,” the ratio of instruments which mea 
what the well is doing to what it should so «sure through the same vibrat 
leseribe the major clouding fac a frequency change pring iple 
in producing well analysis is high as one Ib in 6.000 Ib 

surements to one ft of elevation 


Once these factors are properly iso 
lated. these which make up intrinsi this tool 
reservoir properties are equally diff are pos ibly the next 
nportant analysis method \ll 


It to evaluate Reservoir size yonme 
nvolve the use of a propellor, the 


ilt 
thickness. lithologic properties, depth 
ind pressure mposition, saturation of rotation at any set position in 
permeability and its distribution, should hore being a measurement of 
he considered in a proper analys { fluid movement past the unit 
With i new well there is otter ivail records this measurement on 

contained within the instcu 


re nformation and electric log 
t in later vears this infor other units convert the pre 
rotation te electrical init 


of answer pressing reser 
tions. It then becomes nece , 1 commutator-amplifier u 
ipply other survey tools to de t nye ind record at the 

has happened within the A spinner survey | 
e the well was drilled ng the productive intervals 
} Alko, on a shut-in survey, it 


most common subsurtace ! 
the thermometer or ten ! f f mnsiderable assistance in locating 
rature re orde: It- purpose } to rec t Al and Interzone migration 
temperature if various points I " . . wr y ire ivailable from time 
well bore under various conditions ela ! f 1 f ver the productive life of a 
‘ possible to determine which 


oducing. The most familiar tar 
im-minimum recording ‘ | ion intervals are dropping off 
which can be run in va shich are the major contributor 
it which will provide only } ¢ the well production \ comparisen 
temperature encountered 1 t ner ind temperature survey will 
qualify the character of fluid 


metallic thermometer when op 
. i stylus on a clock-driven chart t ¢ y ‘ ! Sheldon emphasized the im 
. lar f these surveys where well 


improve the data by giving a cor per 
‘ | wed as injection wells for 


iding which ean be correlated ne 
e sintenance and water flood 


positions if the well bore (dine 


} 


problem. however, is that accurate dat te ‘ 
of the problen with spinner 


equires an equilibrium condition for f 
ti measurement \. t Continued on Page 6. Section 2 
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TO AN “OIL” WELL 


Actually, it seldom does happen nowadays, be- 
cause most experienced operators get complete 
information about their wells, before completion, 
by running a Radioactivity Well Log. With 
that log, they know the depth, extent and char- 
acter of all formations in which they're interested; 
all depth measurements are checked and 
correlated; and all this vital information is tied 
by the collar log to a series of immovable 
reference points whose locations are known 
almost to the inch. When these operators per- 
forate, they know where the shots are going... 
they say, “Radioactivity and collars is a ‘must’ 
on all our jobs.” 
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LIQUID-LIQUID DISPLACEMENT IN: POROUS MEDIA AS 
{FFECTED BY THE LIQUID-LIQUID VISCOSITY RATIO 
4ND LIQUID-LIQUID MISCIBILITY 


J. P. EVERETT, MEMBER AIME, OKLAHOMA A&M LLEGE, STILLWATER, OKLAHOMA, F. W. GOOCH, JR., U. S 


NAVY, AND JOHN C. CALHOUN, JR., MEMBER AIME, UNIVERSITY OF OKLAHOMA, NORMAN, OKLAHOMA 


SUMMARY 


t f displ mer these authors to substantiate thei 
sets of displaceme eX] 
1 { x} t nt . ’ t t weve it has been found to be m 
et of «¢ eriments variou 
eement t erved held wes . 
lisplaced by other solutior eld result 
, ' t t have | 
set oils were displaced | } gu lve 


= performed on a line 


the water No experimental ‘ 


enon general igreement 1 
mall primary phase of pr: 
phase. Reported investigation 


where both primary 


INTRODUCTION 
erett: have presented a thee 
ter based 
y presents the 
in initial or 4 
t displacing pr 
ch both « 


FLOW ARRANGEMENT FOR DISPLACEMENT OF 
ONS BY WATER. A, B — PRESSURE REGULATOR; € MER 
* GLASS FLUID RESERVOIR, E VALVE FOR 
YSTEM; F — POROUS SECTION OF SAND; G — OUT 
ALVE; H — PRESSURE CONNECTIONS, | — GRADUATED 
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FRACTION OF PORE VOLUME PRODUCED | 
FIG 2-— INCREASE OF PRODUCTION RATES DURING DISPLACEMENT : : . , : — 
VISCOSITY RATIO (DISPLACED OVER DISPLACING FLUID) IS 4.25, PRE 5 ° 1.5 
SURE IMPOSED !5 220 mma HORIZONTAL RUN ERTICAL RUN FRACTION OF PORE VOLUME PRODUCED 
DOWNWARD 
E EA F PRODUCTION RATES DURING DISPLACEMENT 
DISPLACED OVER DISPLACING FLUID) IS 0.235 
220 mmHg. VERTICAL RUN UPWARD. O 
ED OVER DISPLACING FLUID) IS 0.874 
mHq. HORIZONTAL RUN 





. 
. 
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KI 
a4 i 
a Be. 





ME PROOQUCED 
FIG. 4 EFFLUX COMPOSITIONS VERSUS CUMULATIVE IN PORE ON VERSUS CUMULATIVE IN PORE vV<¢ 
UMES (HORIZONTAL RUNS). VISCOSITY RATIO (DISPLACED OVER S me ERTICA ISCOSITY RATIO (DISPLACED OVER 
PLACING FLUID) X 9.) 4.25; V 2.34 1.14 ) 437 ACIN 2 0 2.29; x 0.235 
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important, with the former ir 





cant 


presented data on other types of 


mobility of connate water was pre 
that displacement efficiency would 
iuthors in a former work’ noted 
sive data on the removal of con 
rive These data also supported 
would be displaced effectively 


nvading water 


ave given data on the displace 


ind on the displa ement of carbon 


8 


m a column of unconsolidated 
licated the occurrence of d splace 


lary phases, even for the displace 


y 
°o 


The r data is presented in tert 
of displacement efhciency. The 
bon tetrachloride displacement 
placement efheiency during the 
of displacement varied. For g 


tigators found a variation in eth 


w 
oO 


is svstem 


PERCENT ORIGINAL FLUID IN EFFLUX 
b 
°o 


ontains relerence to displacement il 
pipe lines.” which situations 
to petroleum production but 


is for analyzing results of dis 


indertaken in an effort to supply 


be added to that cited to form 





a Tie: See Ae 
« Lo 
FRACTION OF PORE VOLUME PRODUCE 


displacement theory. In particu 
ind Leverett analysis pointed to 
t ‘ displaced and displacing fluids as 
FIG. 6 — DISPLACEMENT AT TWO PRESSURE GRADIENTS (HORIZONTAL, Feat Pee nerenel of ether alned nelesenses tail 
RUNS) VISCOSITY RATIO (DISPLACED OVER DISPLACING FLUII $7 
Oo IMPOSED PRESSURE IS 220 mmHg IMPOSED PRE RE 
760 mmHg 


placement from a porous medium 





iscible with it would be in many 
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FIG. 7 — COMPARISON OF VERTICAL AND HORIZONTAL RUN v T DISPLACED OVER DISPLACING FLUID) IS 4.25; PRESSURE 
MPOSED IS 220 mmHg. O VERTICAL RUN HORIZONTA ? 
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respects similar to the displacement of a fluid by 
cible with it. It was anticipated that observation of su 
parison might lead to a simpler basis for a theoretical 
proach to displacement calculations 

The experimental work reported in the followin 
was carried out as two different problems on 
systems. Some of the details of experimental techniqu 
therefore. The problems were approached in simila 


and are hence reported here together 


DISPLACEMENT OF A LIQUID BY ANOTHER 
WITH WHICH IT IS MISCIBLE 


This portion of the work wa performed on a sand 


DISPLACEMENT OF OILS BY WATER 


93.7 em in length and 6.35 em inside diameter. An unes ‘ CX pre nts were perl 
dated sand. cleaned and fired, of 80-140 mesh was packed 

vibration into a lucite tube filled with a colloidal susper 

of silica. After the tube was filled with sand and liquid, the 

excess silica suspension was displaced by air. The sand fille 

tube was then dried by passage of hot air and evacuatior 

The resulting sand system was. therefore, lightly conselid 

The resulting system had a pore volume of 907 ces and a 

iverage porosity of 40.7 per cent as found by water saturati« 

The permeabilities to air of the three sections shown in | 
were 3.81, 4.01, and 3.82 darcie- 

Fig. | is a schematic drawing of the manner in wl 
porous sand section was set up for displacement test 
liquids used were water and solutions of sucrose in 
By varying the amounts of sucrose in solution the 
were varied 

Displaceme nt Was measured in terms of the concentrat 
sucrose in the effluent is was determined by measure 
ef refractive index. The effluent was collected in inere 
which varied from 50 to several hundred c« The por 
tem was cleared of its liquid after a given run and prepa 
for a new run by the continued flowing of the liquid wl 
was to be the new saturant 

Runs were made with the sand system in both the 
and horizontal positions. Vertical runs were mace 
was noted that a slight gt tational settling w 
on the horizontal runs. Duri vertical runs the 
liquid was injected at the bottom when it wa 


displaced liquid and fret ‘ p when it 


50 
PERCENT 


FIG. 8 PER CENT OF ORIGINAL FLUID RECOVERED AS A FUN 
OF VISCOSITY RATIO AT BREAKTHROUGH (HORIZONTAL R 
X — AT BREAKTHROUGH VERTICAL RUNS —AT ONE PORE 
CUMULATIVE 
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flow 


sketch of the 
always in a horizontal 
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in a bath so that the vis 

ild be controlled 
lerential was imposed for the duration 
to 


reservoir 


water 
to desired value 
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fo a 


vary Wa 


chamber con 
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kerosene 


as shown in Fig 
ule | deo 


f lubricating oils with naphthas 


ibricating oils 
ends 


ind the temperature during displace 
to 


oft of viscosity water viscosity were 


ng liquid was always water 
water-oil displacement experiments are 
0 and in Fig 


ind 1 


10. Table IL gives a sum 


umerical results on these dis 
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Its of sels experiment 
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nt always vecurred in twe phases 
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e from breakthrough until ces 
15, 16 and 
original fluid in the efflux as a 
of fluid The 
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fluid in the efflux 
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varied with the fluid viscositic 


periments the relative 


importance 
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ANALYSIS OF FRACTURED LIMESTONE CORES 


FRANK C. KELTON, MEMBER AIME 


ABSTRACT 


\ method ts 
of large 


outlined for the analysis 


cores, developed primarily for 
the purpose of obtaining reliable data 


on fractured or vugular limestones 


Porosity and fluid saturations are de 
a modified Dean-Stark ex 


initially 


termined by 


traction after bringing the 
100 per cent liquid satura 
method. Her 
zontal permeabilities on the whole sam 


ples are 


samples ti 
tion by a vacuum-pressure 
determined in two directions 
parallel and perpendicular to the di 
rection of principal fracturing 

Result. ire 


Iypes of 


prese nted for variou- 


formations, A comparison i+ 


made between obtain ed by this 
-pecial method and the method of con 


ventional 


data 


analysis, and discussion is 


given of the relative advantages and 


limitations of each. In view of this com 
parison a modified method for the anal 
vsis of fractured and 


tions Is proposed 


vugular forma 
which method retains 
the advantages of the previously out 
lined techniques but gives promise of 


~peed ng up the analysis 


INTRODUCTION 


For many years the greater part of 
Basin 
Permian and 
While production 
formations is still the pre 
production 


the production in the 
was trom 


Permian 
formations of 
Pennsylvanian age 
from these 
dominant deeper prospect 
brought to light older 


ions with oil | 


ng has forma 


rroductive characteristic 
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weordingls deve 


} t ive been 
{ which seem to meet this require 

ind to date nearly 12,000 large 
imples have been analyzed. It i 
yurpose of this 


methods 


paper to deserily 
used, to present typical 
for several fractured formation 
data 


pecial analysis with that obtamed 


compare. the obtained by 


onventional analysis. Certain mod 


ons and alternative procedures are 


roe ted to speed up the ina 


CORE ANALYSIS 
PROCEDURE 


Fluid Saturations and Porosity 


tained 
mercial 


inalyze The core sample. in segments up to 
indicate in length, is marked, weighed and 
ventiona eXamin 


1 under ultra-violet light to de 


value rmine the 


ippar 


live po 


presence of oil saturation 


resent, the approximate quantity of 
id ite location on intererystalline 
bons re or vugular surfaces is noted 
largely nformation is carefully recorded 
degree 


of fracturing and/or vugu 
development is also 


neied. Th 
| 


ile is then placed in a pressure cell 
the eff evacuated with a high speed 
crystal pump. This evacuation is con 
hanced only long enough to rednce the 
that the pproximately the vapo 
verabl f water in order not to re 
mercial 


of the 


we excessive amounts of water. Wa 
idmitted to the cell and allowed 


pene trate 


comparal the sample under atmos 
was evicde heric pressure, filling the 


pore space 


eccupied by air and replacing 
ill amount of water removed by 
iation. Pressure up to 200 psi i 
ipplied to force water into the smalle 


1 the 


ipillaries, ane 


sample is left sub 
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merged under presure tor mur oof 


then removed trom the 


longer. It is 


cell, surface water wiped off, and re 
weighed The gain in weight is 4 meas 
ire of the residual gas content of the 
original sample. If large sur 
an alternative pr 


them from 


i! present 


wed to prevent draining 


thuid as will be discussed luter 


The sample, now fully saturated with 


ul and water, is placed in an extraction 
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hath, Fi 


o ‘ tw 
a connected ‘ 


condenser tube, and allowed to 
up until the water of the sample and 
vaporized. Thi 


Dean-Stark 


the toluene are 


proces 
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extraction: as the water is condensed it 
drops inte the receiving tube 

lects at the bottom while 

toluene rutis back inte 
water is drained from the 


it intervals and measure 


The largest part of tl 
sample is removed aft 
traction, but the remain 
very slowly. Typical rate 
neval are shown for 
in Fig. 3. Sinee it is neve 

ne the water content to 
tion of a cubie centimete 
be able to determine the 
wurately, the process 
til the amount of water 
has droppe {te O.1 te 
require from three days 
longer the 


week. Dur 


even 


trout 
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as core 
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cure 
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{ air through the ends 
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of this factor 
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shape factor 


values for a 3 in 


re shown in Fig. 8 This shay» 


is proportional to the fraction of 
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of the core 
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il the 
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gasket openings wa i using a 
long core, and the seri measure 
ments repeated after cutting off 2 cm at 
i time from each end of the core \ um i 
direct measurement of the pe rmeability resaturation 
of each such section of the core was wed. It i iis« 
then made \ subsequent was large number 
rbtained from electrolytic 
nents mulating the 1 
through the core 
praved content and 


ial which 


DISCUSSION AND ALTERNA irface 
TIVE PROCEDURES plied 


the examy 
ontent wa 
water 


2.2 ; : . orosity bo per 
Fluid Saturations and Porosity Scien ; : 
i dense dolor 

It may be noted that two checks are noug ert t tra y , " bility < 0.001 


vailable on the porosity as determined when v 


Actual exper 
| method 


by the above outlined procedure If the 


ample after extractior illowed to 
; requ t | n o } on 

cool under toluene and ' ' tight that it would 

wate der ti con 

prior to dryimg the weight of toluene water under the I 

extractior i Serve 

divided by its speoihe gr ity furnishes . 

lameter ! ! nphasize that each ysis must 

i check on the porosity © agreement , 

per cent t ! ited as an individ roblem and 

generally found to be goo Another ind iwecordingly 

veck is furnished, after extraction and 


terine 


Irving. by resaturating the sample with tivit¥y meas P abili 
ermeability 

wate ind determining the weight in in average : 

crease The agreement here “0 riginal Dean t t it has been suggeste: 


good. For example, a of sucl veri r cent he above mentioned ) type per 


measurements on seven " ot — ; ' — 5 F ' © considerable 


ot ene f t hen deal 
rous limestone gave a pore = nd eff aie edalantas 


; wit fractured core samples t 
10.06 per cent by toluene ta , 
‘ there ma be i channel connected t 
eent by resaturation. On y low pe 1 of hict 

‘ em “ the core whiiehh Carries 
rositv samples of the sat ermation ' tely | t 
ortionately irge amount 
the corresponding average t denied tl this 
ind 1.27 per cent respect stances l ved that 
other formation the lirectior 
values were LOOL and 9 


on still another, 4.94 and 


when 


isured 
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[he accuracy of any one measurement 
s not high. but the approximate mag 
nitude of the “equivalent” permeability 
+ at least indicated and the measured 
value does take into account the flew 
ipacity of both the matrix and the frac 
ire igular system. Measurement; 
de on samples of intergranu 
lar porosity have shown reasonable 
igreement with permeabilities of drilled 
plugs from the samples 
\ different type of permeameter ha- 
heen devised, as shown in Figs. 6 and 
not because it was felt that the open 
end clamp type permeameter was not 
good, but to permit a different method 


{ 


inalysis which is described in 
the last part of this paper screens 
covering opposite sides of the core re 
place the rectangular gasket openings 
of the clamp type permeameter, and 
the remaining surface of the sample 
sealed by rubber tubing and air pre- 
This Hassler type permeameter 
vay be used for both horizental un 
directional permeabilities and vertical 
permeabilities on the same sample. It 
requires that the permeability sample 
1 off on both ends with a dia 
saw. The two sizes of this per 
imeter which have been built will 
commodate core samples of diameter 
from 2°) to 5°, in. and length from 
n. Shape factor corrections have 
heen determined by three-dimensional 
electrolytic model experiments simulat 
controlling factors in the fluid 
the ratios of sereen length 
width te core length and diameter 
The rcuracy | permeability deter 
nation with this apparatus is prob 
better than that of the 


clamp tvpe permeameter; 


tbly lightly 


however, the 


latter is believed to be adequate for the 


po » whieh it is applied, consid 


rati and capricious nature 


neabilits fo fractured 


Matrix Measurements 


A technique which was used in cer 
tain instances consisted of making meas 
irements of total porosity by extraction 
ind resaturation, and measurements of 
porosity on a number of small pieces 
of the matrix. using the difference as an 
indication of the amount of secondary 
! fracture and vug 
method has 


ind Johnston 


porosity This 
been described by Atkinsor 
Further 
data in this connection is presented be 
low. It is felt that this method is useful 


experimental 


is limited te those cases where the 
+ quite dense and the secondary 


well defined 
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ANALYSIS RESULTS FOR 

TYPICAL FORMATIONS 
Matrix Measurements 

After btaiming analysis results on 
cores from a section of Ellenbur 
ormation from the Fullerton field 


tional measurements of matrix po 


ty and permeability were proposed 

ler to obtain a clear understanding 
Fortu 
itely the available samples showed i 


; +? 


e relationships involved 


ither wide variety of characteristic. 

nging from dense and finely fra 

spongy, vuggy formation, Ac 

gly. on the basis of the special 

results only, four groups of 

ple were selected Group 1 con 

ted of 14 samples with very low gas 

Ik (from 0 to 0.29 per cent) and low 

| bulk (0 to 0.40 per cent). Group 2 

mmitained 13 samples of intermediate 

SASKE ENGTH.CM gas bulk (0.41 to 1.52 per cent) and 
FACTOR w oil bulk (0 to 0.16 per cer 

p 3 contained 15 samples of inter 

gas bulk (0.06 to O.89 pe! 

and intermediate oil bulk (0.1 


U per cent} 


SHAPE 


hecdiate 


Group 4 contained 
ples of high gas bulk (1.43 to 5.65 
cent) and high oil bulk (1.05 to 
In general, group | consisted 
amples with limited fracture 
velopment 


den-¢ 


group had somewha 


rger fractures and some open vugs 
up 3 showed more development of 
nitergranular 


porosity and grouy } 


mples were intergranular and/o 


ly vugular 


lable | a summary is presented 
iverage values of fluid contents, po 
ity and 


permeabilities by sper ial 


ilysis, and average values of poros 
ind permeability of matrix samples 
The latter were small (“4 in. diameter) 
lrilled plugs. Matrix porosity was de 
ermined by the vacuum-saturatior 
ethod but pressure was not used 


1 graphic comparison of the 


Table | 
Matrix vs. Whole Core Data. Ellenburger, Fullerton Field 
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Flushing i pore space wit water values fron 


from the drilling mud 


have 


ot 


may presumption 


curred and subsequent expulsion abilities for the 


water by liberated gas as the core nfluer 


was greatly 
raised to the surface may have resulted 
h 


Fig. 12 
ages by 
stone oft 


ows 


in a final water than 


the 


saturation gher 
groups 
Fable 


corresponding 


original connate water saturation 


iil 


However nother possible use 18 & 


often 
tely to 


tatistical 
overlooked known lel 

be of effect The 
saturations are averaged in gro Ips 


the parameter 


phenomenon whi 


but is dolomite 


tured 
The 


iverages 
in that 


fractured 
appree iable water 
exhibit 


the 


with 


rreate 
porosity as controlling ns 


tios occur tor the 
Since there is not @ one-to-one corre 


groups +-6 


individual values 


the 


pondence between 


whereas for th 


and saturation 
the 


low 


of porosity iverage 


mite the trend 
saturation for next to highest group 
ties to increase 


includes some values which corre 


gradual 


between K » ind 


with a 


pond to the porosity group below it 


and some high values which rre pond 


The 


y ’ core analysis 


to the In concluding this se 


data for tra 


porosity group above it 
for 


draw 


average saturation the | 


rosity group can upotr tions, it may be ren 


pore 
but none for a higher 


arke 


ues corresponding to the relationships betwee 


below it quantities appear very 


therefore, the iratior 


itd 


ll higher 


group for sandstone or 
for this end group ts higher than wor 


be the case if 


average 
voirs, but with certain diff 


there were a { " ignitudes ot the por 


porosity directional character 
itv. Hf iders 
ervoirs in tern 

the differer 


between 


present. Incidentally, it 
noted that if this statistical ef 
did not exist the aver ape 

and K, for the highest 
Table HL would be higher 


more 


group 
mat he 
fect 
of K 
ity group ot 


end 


one con 
value 
pores inits, 
havior 
perhaps 


consistent t? the reservol hecon 


CORES 


i‘ It would appear that 


anaivsis of fractured reservoirs 


sidered an impossibility, is now 


he way to becoming a usefu 


‘servoir engineering. Contin 


part on this tool 


ied study based in 


should in time contribute materially t 


nderstanding and evaluatior 


reservoirs 


COMPARISON OF SPECIAL 
VS. CONVENTIONAL CORE 
ANALYSIS 
Phe 


onventional 


comparison betwen ial 


spe 


analysis which 


issed here is not concerned with 


from the 
prop 
effect 


mus differences which arise 


failure of conventional analy 


erly take 


ractures 


sis to 


into account the aft 


or large vugs, but rather witl 


he basic differences due to the respec 


ve methods applied to formation which 
hould lend itself to by 
ethod 


analysis either 


A portion of each sample used for 


-pecial analysis was set aside and rur 


conventional methods of analysis 


total of 
each method 
tt different 


The 


296 samples were run by 


These samples were from 
ot 


ree 


reservoirs crystalline 


lolomite extent of fracturing was 
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lable I\ 
Comparison of Special and 
Conventional Analysis 
Special Conventiona 
Dolomite Analvsi- Analvsi 
Porosity 
Bulk 


so slight that it can be neglected inso 
far as its effect on porosity and fluid 
saturations is concerned, although pos 
-ibly not in regard to permeability. The 
resultant average values for porosity 
sil, water and gas bulk, and K,,,.. K,. 
ind = =conventional permeability 


shown in Table IV 
In the conventional analysis, a 180 
gram sample of formation was retorted 


to arrive at water and oil content. Cor 


rections were applied which had proved 


ipplicable to sandstone and presum 
ably to higher porosity Jime and dolo 
mite ihe gas bulk was measured on a 
separate 20-40 gram sample by inject 
ing mercury at 750 psi presure into the 
gas-filled pore space, with corrections 
for the compressibility of mercury and 
its closer conformation to the cham 
ber walls as pressure is applied. Poros 
ity was calculated as the sum of the oil 
water and gas bulk. Permeability wa- 
measured on a drilled plug from 


in. in diameter 


I able I\ 


that porosity by special analysis is 9 


Referring to it is neted 
per cent lower than porosity by con 
ventional analysis. The oil contents b 
the two methods checked closely l 

per cent of bulk volume by special a- 
igainst 1.2 per cent by conventional 
inalysis. The difference in porosity is 
seen to be due to the combined effect 
f a higher water bulk by special ana! 
vsis and a higher gas bulk by conver 


onal analysis 


To realize the reasons tor these dif 
ferences if Is necessary to go back t 
the original data and to study criti 
cally the individual steps of the meth 
ds and calculations. In the special 
analysis there is evidence (e.g.. weight 
f core saturated with toluene) that in 


some cases the measured gas content i- 
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even on non-tractured lormatio! 
The special analysis may possibly tend 
give slightly conservative values for 


reservoir oil in place. Conventional 


inalysis on  low-porosity  formatior 
ch does not have fractures or large 

has in the past probably given 
es for reservoir oil in place whicl 
too high, but there is reason t 
ve that improvements th accuracy 


be made here 


dividual foot-by-foot interpretations 
ild not be made from special analy 
lata since examination reveals very 
correlation between porosity, fluid 
iturations and permeability of indi 
lual samples when fracturing or solu 
ire present However, sta 
il examination of the overall data 
i given reservoir does reveal rela 
Ips which should be useful in 
voir studies and reserve estimate 
he need for analysis of all of the pro 
ctive horizon is even more apparent 


in in the case of sand reservoirs 


POSSIBLE MODIFICATIONS 
OF SPECIAL ANALYSIS 
METHODS 


or limitation of the pecial 
technique heretofore described 
slowness. This is a consequence 
the samples and the time 
for complete extraction Dur 
long extraction time even 
and expensive laboratory installa 
limited in the number of san 
The slow 


of extraction is not the entire re 


in turn out per day 


ol course since the process il 
a large number of separate time 
iming steps on which detailed and 
ful records must be kept. In order 
Dlam core nalysis data of more 
ediate use tor completion purpose 
lughly advantageous 
method 

post been observed that some oper 
—— tors have insisted that special analysi 
apista tther than conventional analysis be 
ide in cases where the fracture or 
gular development of the formatior 
vas minor. Since in the past the analy 
of small amounts of core had proved 
madequate for all cases 
i} 


this was prob 
i natural reaction or swing to the 
her extreme However for a good 
any formations, statistical considera 

n how that conventional analysi 
will be adequate, and should be chosen 


here quickness of results are import 
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One compromise whic 
ipplicable in many cases w 
run conventional analysis 
permeabilities which would 
the large cores as needed 
suited to 
ire in part fractured and 


be particularly 


ity is of the intergranular t 
only small to mediun 
contr bution of fractu 
porosity will in general be 
For those formations or 


cial analysis specificall required 
three alternative modifications are pro 
posed in order to shorten the time re 
juired to complete the analy These 
ire 1” follows 
1. On those reservoir 

ection known or 
mined by examination 
violet light, it is prope 
rate the sample * a 
then combine iv LOO 
tigueus core ir one 
Dean-Stark extractior ipparat 
In this way the total ter « 
tent and the total oil ontent 
determined for the co 
! sample whiel rey 
f the core available 
vidual measurement 
ind permeability ire 
eparate 


amples. 1 


land water conte 


poss 
listillatior 
“si Dilities 


t anc 


specimer! 
face ther 
meability 
permean 

In eet lata on the increasingly impor 


ities 


vugular 
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VAPOR-LIQUID EQUILIBRIUM DATA ON THE SYSTEM 
NATURAL GAS-WATER-TRIETHYLENE GLYCOL AT 
VARIOUS TEMPERATURES AND PRESSURES 


JOE A. PORTER,* BLACK, SIVALLS AND BRY INC., KANSAS CITY, MO., AND LAURANCE S. REID, 


UNIVERSITY OF OKLAHOMA, NORMAN, OKLA., MEMBER AIME 


(,as dehydration plays an important part in the ‘ \ wide \ l nds ft 


or dehydrating gas are known 
of natural 


gas. Effective dehydration prevent been used in industry, Earlier appli 


gas hydrates and the accumulation of water in t process employed concentrated solu 


systems insuring uninterrupted gas deliveries a um chlorides as the absorbent. The 


efficiency under the most adverse weather condit - inherent in handling these solutions 


present time, most gas companies require a max ater the relative mall dew point depressions obtained caused 


vapor content of seven Ib per million standard favor of, or conversion to, diethylene 
<> that virtually all gas tendered for sale n that aqueous solutions of this organi 


meet this specification opic than the brines and were non 


ky a number of vears it has been common pra ! ve t ‘ ! ploying diethylene glycol water solu 


, ' } . 2 , , 
luce gas and gather it at a common point tor ! = weer ‘ r gas dehydration at pressures ranging 


prior to discharge into the transmission systen v . , , 0 p At nominal pressures a dew point 
ever, higher transmission line pressures, long ° leore j t F may be obtained and the data of 
ind relatively low ground temperatures have 1 I et a ite that a minimum dew point is obtained 
sary to dehydrate gas at, or near, individual well t the eluent 5 ita pressure of approximately 1,200 
gather gas from a number of newly developed fi t i n the ga n equilibrium contact with a 95 per cent 
inusual difficulty. Where gas has been dehydrated at ‘ veight diethylene glycol solution. In a number of instance 
from 300 to 800 psi in the past, future tre v | t depression obtained with diethylene glycol-water 

ite that these processes may be operated at pres ‘ ' cient to produce a specification produ ! 
is 2,000 psi t the inlet ¢ In a recent search for a better 
Recnesnics of anc delivdestion ace of anuet inn or t, trietl ne glycol was used in a small commercial 
ticularly facilities must be provided t lratiot t and subjected to rather exhaustive field 
tively small quantities of gas, such as the product test e data obtained were encouraging and indicated that 
ndividual well. Although the adsorption of water re ng from 300 to 500 psi, triethylene glycol 
gas on nular sorbent material such as activa a } ¢ tantially greater dew point depression than 
activates “ , = Ge wf thee dieenn cin et ne § tie results led to an investigation of the 
effective nd produces virtually “hone dr ‘ le ! r er-triethylene glycol in an effort to 


gas ' 
; por equilibrium data, to determine pressure 
-mall unit of this pe is substantially greater tl f : 
; ta it levelop other data pertinent to the design 
ibsorptio pre s which through proper sete t 
bserbing liqu will dehydrate the as suft 


For this reasor i gre | \ evir literature | 


is failed to reveal any data 


development of nal ‘ i accurate calculation of the vapor 


search for more eff ! | tions for a solution of water and tri 
t with natural gas at high pressure 

rm a non-ideal system, the Poynting 

ombination of Raoult’s and Dalton’s 

lid. Correction of Raoult’s and Dal 

ctivity coefficients” is not feasible for 

rigan Gus A . 1 es h I t t e ims ient for the prediction of the actual 
: ; yee ' the activity of one component in the 


nhoma 4] phase t vitvy in the liquid. Therefore. experi 
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EXPERIMENTAL MATERIALS AND 
TECHNIQUES 
| nvestigation was obtained tror 
ma Natural Gas Co. at Norman, Okla 
is shown in Table I 


was a technical grade « btaine 
Chemicals Division of Unior 
Physical constants and other data 
ire shown in Table Il. The glyvy« 
1 water to the desired concentration 
glycol and 5 per y weight water 
ng procedure was used throughout the 
was developed from preliminary exper 
g the apparatus, the saturator was by 


condensation of moisture in the systen 
FLOW DIAGRAM OF APPARATUS 


ire reached 200 psig, glycol injection was 
desired operating pressure was attained 
through the saturator and the gasx flow t 

a rate of six standard cu ft 
mental equilibrium data were observed in the laborator 


| | | | The glycol injection rate was adjusted to 60 gal 
Yo per cent bv weight tree iwiene givceo > per cent water 
. - " ¢ p These rates, and the established temperature 
tien in contact with relatively nitrogen-free natural i ' 

{ O00 | were maintained constant throughout the rut 
wessures ranging trom oO00 t at Sig and at temper . 
: iy onditions were established. the system Was oF 
ranging trom 60 » LOO; 


iny samples were drawn for analysi 


APPARATUS effluent gas dew points observed. At the end of this pr 

per | t is dew point was observed to start 

The experimental apparatus used in this ing train was connected into the 
shown in Fig. 1 and is, essentially, a duplicate of ver effluent gas stream. A total volume of approximately 2( 
tinuous flow system used by Russell” to investigate was passed through the drying tubes ir 
natural-gae-water diethylene glycol. In this svstem ' i rdet mize ) The weight of the glycol vapor ir 


is was compressed to the desired pressure by a ‘ t e effluent t n was 


4 »btained by difference, calculated 
Rix compressor and passed through a coil in a constant te the of water and glycol adsorbed from one cu ft 


perature bath to a sturator where the moisture conte drying tubes, minus the pounds of 


the gas was adjusted to the desired level. Saturate s determined by dew point 
gas scrubber t is ! il on 1 the water Vapor content 


entrained water was separated and removed frot " rrelat \ \ Prior t 


this vessel then passed through a 


use. the adsorber 
Saturation conditions t hecked by dew point i ‘ t rvir iD rated 


with hydrocarbons 


of the ga it a pe mimediately downstrean train 


erubber 


A measured quantity of saturated gas was the 
i second constant temperature bath containing the 
contactor and a separator, A measured quantity 
cent triethylene glycol solution was pumped into the 
coil by means of a gas powered pl inger pump se th 
and glycol selution flowed concurrently in intimate « 
contact to the separator i 
ind removed from the 
The efluent ‘ 
through a | ‘ Dew Point Tester 
DS ee a a igre die servlets Fable | 
prior to measurement tmospherie ssure , Analysis of Natural Gas 
meter. The second porti« 
reducing regulator, then t i train oft 
with anhydrous magnesiun rchlorate where 
vapors were adsorbed privt measuring the 
welt test meter (,as f ’ meter wa 
itmosphere 
The glycol solution i thdrawn trom the 
i constant rate in order t untain a uniform level it 
vessel. A portion of thi lution was accumulated ur 


sure in a separate vessel, ¢ lipped with a higl pre 
' 


glas t the solubility f 


xlveol solution was detest 


liquid level gauge 
it the end of each r 

\ccessery apparatus included a special viscosimeter use 
letermine the glycel concentration of all solutions used in tl 100.00 


nvestigation t } 1 ie Huy? 
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lable Il 


Some Physical Constants and Properties 
Triethylene Glycol 


Structural Formula HO-CH.-CH.-O0-CH.-CH.-O-CH 
Molecular Weight 

Specific Gravity at 20° 20°¢ 

Boiling Point at 760 mm Hg 

Decomposition Temperature 


Solubility in Water 


to note that the dew points obtained were shary 
takable; wholly unlike the results of similar dete 
on gases treated with diethylene glycol selutior 
probably due to the fact that triethylene gly 
approximately 15 per cent of the vapor pressure 
glycol at the temperatures employed 
The water concentration of the glycol solutior 
mined using an adaptation” of the method propose 
Bigg and Jennings.’ This method is based on the fa 
viscosity of a glycol-water solution is directly rela 
glycol concentration. The specially constructed appa 
calibrated at a constant temperature of 30°C us 
of known concentrations prepared from a sample of t dd ' ‘ Fresh solution requirements were 
cent triethylene glycol supplied by the Carbice 4 ee tl the glycel-eas circulation rate was 
Chemicals Division of Union Carbide and Carbo ee : : 00 psig pressure and 100° the 
All glycol selution used in this investigation wa ed , wa to but 94.0 per cent by weight glycol 
inalvzed and re-blended to 95 per cent glvcol t ¢ t il lower temperatures the dilution 
f magnitude of one to two-tenth 
equilibrium data obtained were 


t glveol concentrations throughout 


EQUILIBRIUM CONSTANTS | 
FOR WATER IN | bilit ‘ glycol solution was determined by lib 
95% BY WEIGHT | iting the x evolved from selution differentially and mea 
bhatead yy GLYCOL ring it i 1 wet test meter. The gas was liberated 
SOLUTION the process was substantially iso 
esidual glycol solution was mea 
| graduated evlinder 
tained in this investigation is con 
ory. Dew point measurements were 
nination of the glycol concentra 
was accurate to 0.1 per cent, and 
zas solubility in glycol solutions 
nt. The method employed for the 
entration in the efluent gas proved 
at pressures exceeding 1,000 pug 
emploved, due to the fact 


weight differential between two 


CONSTANTS 


this weight differential became 


or became larger 


DISCUSSION OF RESULTS 


EQUILIBRIUM 
>) 


nvestigation are shown in 

ty. Fig. 2 is a semi-logarithmi« 

ints for water, calculated from 
temperature using pressure as the 
itmospheric pressure was calculated 
lata The best straight line ha 
experimental data points for each 
to the atmospheric isobar. From thi 


tant for water may be obtained at 


re big + is a cross plot of Fig 


constants for water are plotted versus 


th temperature the parameter. This plot 
ver the temperature range investigated, a mini 
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OMPARISON OF 
WATER VAPOR CONTENT F 
NATURAL GAS IN CONTACT 
WITH PURE WATER AND WITH 
95% BY WEIGHT TRIETHYLENE 
GLYCOL SOLUTION- TEMP 70°F | 


3 vv 
2 


CONTENT OF 


ind 100° 


ad fTe rence 


VAPOR 


ontact temperatu 


of the 


WATER 


w point depre 


ging tron 
temperatu 
} 


, , ) ' ghie pressur +} lifferent 


TAL PRESSURE—PSIA 
FIG. 4 


mum value of A is fat a pressure of approximate! 
psia 
Figs. 4, 5 and 6 show graphical comparisor 
vapor content of natural n equilibrium contact w 
pure water and (b) 95 per cent by weight triethvlene 
water solution at temperature 70°, 80° and 90°41 
tively. It is of interest to note that the water vapor con t he t { itural ei per 
the gas in equilibrium contact with the glycol solution ‘ ‘ te olution at a nperat 
through a minimum in the pressure range 800 to 1,000 p wn in * 8. Thes 
An extrapolation of the glycol curve indicates a ret: 
phenomenon at pressure eding 2,000 psia where 


is stripped from the glye: olution vol I 


1000; 
if OMPARISON OF 
WATER VAPOR CONTENT OF 
NATURAL GAS IN CONTACT 
WITH PURE WATER AND WITH 
95% BY WEIGHT TRIETHYLENE 
9LYCOL SOLUTION— TEMP 80°F 


PRESSURE - PSIA 
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Fable Ill 


Equilibrium Concentrations of Triethylene Glycol in 
the Vapor Phase at Various Pressures and 
lemperatures 
Lb of Glyes 
per MMSCF Ga 


w 
oe 


| max MUM HYPOTHET cat] 

| DEW POINT DEPRESSION | 
WITH 95% BY WEIGHT 
TRIETHYLENE GLYCOL | 
CONTACT TEMP 80°F | | 


) 


on 
>——- 


DEW POINT DE 
mM 
=) 


500 1000. +~—»«1500 
TOTAL PRESSURE- PSIA 


FIG. 7 


nipesition temperature of 328 
\ ! i ‘ 0 , Bo s cl ope ese 
with the data Fig. t that thi irve proj o that the mum concentration attainable without de 
sO ; of gas 95 per cer e , tior 
the solubility of gas in 95 per cent triethylene ¢ peplaintines ol t ressive decomposition is slightly les 
it temperatures ranging from 60° to 100°1 shen 4 oo the other hand, triethylene glycol has a 
\ comparison of some of the physic al prope ‘ t t te erature of 403,7°F which permits con 
ethvlene glycol and diethylene glycol” suggests 1 e tor entratiotr {ft lution to approximately 99 per cent by 
mer is probably better suited for natural ga ration veight ' ‘ f the fact that dew point depression is a 


service. In the atmospheric temperature range. the t function of encentration under equilibrium conditions, 


sure of triethylene glycol is approximately 15 per hue t follows that triethvlene glycol can be used with greate 


Vapor pressure of diethylene glycol. indicating tl t lectivens ¢ tn pressure ranging upward to 1.100 
tion losses from atmospheric storage would be 
ethvlene glycol were used. Although the boiling 1 


pure substances vary appreciably, 549°F for triethylene glyc ONCLUSIONS 


versus 473°F for diethylene glycol, the aque« on 
e re nvestigation may be summarized a 


exhibit virtually identical boiling points in the 


per cent by weight glve ol. However, the extent t 
solutions may be concentrated by applicatior :por-liquid equilibrium data have 
mospheric pressure is limited by decomposition te tem natural gas-water-triethylene 
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| | ae | 
SOLUBILITY OF NATURAL 
GAS IN 95% BY WEIGHT 
TRIETHYLENE GLYCOL AT 
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+ VARIOUS PRESSURES 
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TRIETHYLENE GLYCOL AT VARIOUS TEMPERATURES AND PRESSURES 
glycol to permit design of gas dehydration facilities ope sta ransmission of Natural 
iting at temperatures ranging from 60° to LOO’F and at 1o44 
pressures ranging from atmospheric to 2,000 psig 
Equilibrium dew point depression in a triethylene glycol 
dehydration system operating at a specific pressure 
function of the contact temperature alone. over the range 
of temperatures investigated ! u 
AIMEE, 160, 140. 7 
L. S. Reid, World Oil, 129, 2 


The solubility of natural gas in a 95 per cent by weig 

triethylene glycol-water solution varies with pressure, but 
it is not a linear function of pressure. Variation in tempera 
ture has a negligible effect on gas solubility. within the 


temperature range investigated 


1. The practical pressure limit for natural gas dehydratio 


proce ‘ employing 95 per cent by weight triethylene gly 


col-water solutions is approximately 1,500 psig. The dew 
D. Frazier, O 
1949 


VECh. Ft Thesis University of Oklahoma 


point depression diminishe rapidly at pressures greater 

than 1,000 prg 

\t pressures as high as 1,100 psig, 95 per cent b 

weight triethylene glycol-water solution effects a greater 
dew point depression than a diethylene glycol-wate Huntington. Trans 
tion of the same concentration 

6. Triethylene glycol has a lower vapor pressure and greater 


thermal stability than diethylene glycol 
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THE WATER VAPOR CONTENT OF ESSENTIALL) 
NITROGEN-FREE NATURAL GAS SATURATED AT VARIOUS 
CONDITIONS OF TEMPERATURE AND PRESSURE 


EUGENE L. McCARTHY, BLACK, SIVALLS AND BRYSON, INC., KANSAS CITY, MO.; WILLIAM L. BOYD, CONTINENTAL 


Oil CO., PONCA CITY, OKLA.; AND LAURANCE S. REID, UNIVERSITY OF OKLAHOMA, MEMBER AIME 


ABSTRACT 


’ cellent ta are published for pressures ranging 
Prope control of the morsture content of nat 


ind the furtherance of reservoir 


' fror tmosphet 10.000 psig and for temperatures ranging 
. j of was t 1iSSi0 ' 
-sential to reliable operation of gas transmi fre t 4) ind are found to be in close agree 
} 
facilities s Tu I ts wt 
se ilitic erving northern market The ental data at high pressures and 
t of natural gas is usually determined by dew temp tures be “ ire compar atively limited in scope 
irement at the existing pressure. For any gas of 
xp ent in the lower temperature range have 
ture content, the dew point varies with the press ‘ 
‘ rte ere and Briscoe. Deaton, et al Ham 
\ cor lation f the data everal inve ‘ t ‘ le ly eneral, the pressures employed 
nted in graphical form by the authors. Thes the ‘ inged from atmospheric to 1.000 p 
rrelated by the authors and F. M. Townsend, C. ¢ hile ' inged from 32° to 120°F: Le. the 
' yy rraduate ude 
d J. A. Porter. gradua tu fit tered it is transmission line operation 
! sity of Oklahor " 
Universi . rted by Russell, et al it pressure 


ire the hitherto 
ed by Wickliffe Sk 


correlation 


ering a rather narrow atmo 


1947, Hammerschmidt published 
data, in which the water vapor 


or nder high pressure and low 
PRESENTATION OF DATA by extrapolation. In 1948, Wick 
. esente lata on the moisture content 
nterpretil W a ou ; 
. w temperature and at pre 
; 0p Comparison of Skinner 
importan du ig t ( 
Tous ent the extrapolated data of Hamme 
developments th t : 
1 | ible variation in the lower ten 
of the natural gas dustr | 
' i} ne e need for a new correlatio 
» northern and eastern marke 
n Skinne data at lower temperature 
water vapor content te re t 


ind distribution lines a ' tilable data suggested that presence 


es. Complete dehyd ‘ . artit nitrogen in a gas mixture ma 
n phases of the petro-chemical ir Meet it iturated ture content so that data obtained fror 


rature operation 
1 fact that the water v ipor 
and their mixtures at supe! CORRELATION OF DATA 
ot be predicted with accuracy 


deal gas law Earlier interest tion are presented in Table | 


1 Standing.” MeKetta and Katz.” and 


npared and found to be in close 
temperature ranges common to gits and oil pred ‘ igreeme ‘ at the data of Old 


oncentrated on the water vapor cont 


ind hydrocarbon mixtures in the 


et al, re-plotted in a more 
Oil and Refining Co were 
100° ind above. Skinner's data 


clow 40°F. Between these inter 


obtain fundamental data for the ! enient { th imble 


nit the data of Hammerschmidt 
T. Pr mong gh ” me Srenen Wade nd extrapolated data of Olds. et al.’ were tabulated 
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T.P. 2914 THE WATER VAPOR CONTENT OF ESSENTIALLY NITROGEN-FREE NATURAL GAS 
SATURATED AT VARIOUS CONDITIONS OF TEMPERATURE AND PRESSURE 
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Sources of Data Used in Correlating the Water Vapor 
Content of Essentially Nitrogen-Free Natural Gas at 


Saturation 


Pressure 
Range 
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Hammerschmir 1.2 000 
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Skinner 10-1 SOM 
W ack 5. 1.001 


ind averaged. These t ye ilues, together with 


t curve drawn to join the data plots of Skinner 


et al, determined intermediate thues between 40 ind LOO} 


Accuracy of this method was confirmed by comparison w 
i Duhring plot of the data of Skinner and of Olds 
(1) psta which was prepared by F. M. Townsend." 

content of gas lospheric pressure was ¢ 


{ Zimmerman and 


CONCLUSIONS 


bxper mental data concerning the moisture 
tially nitrogen-free natural gase have been 
plotted ersus saturation or dew pot, temperature 
pressure as the paramete Ire ires rang from atmospher 
» 6.000 psia, while temperatures range from —60 


These data have been ed iecessfullv in the 
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Oil And Gas Developments In Kansas 
During 1949 


AIME 


In keeping with the trend of other o1] ! pe al 4,201,960 bbl esteblished in March, 
states in 1949, Kansas showed an increase h I ntinuous decline, although the rz 
in almost every phase of its exploration an . I as |t -duced annual \y 
programs. At the end of 1949, the accumulative i 
tion of Kansas was |, 992,272,933 bbl of o1 r y Sé rod ia total of 263,225,963 Mcf of gas 
per cent of the accumulative total for the Unite: t ' ’ 149 ompared with the 1948 gas production of 
The o11 production of the state of Kansas 49, , 195, cf, or an increase for 1949 of 9.6 per cent 
102,873,779 bbl, 1s 5.54 per cent of the tot fe t ‘ veal 148. Productivity of new gas well com- 
United States for 1949, indicating that Kar ] pletio ‘ ,989,157 Mef, or an average of 14,226 Mcf 
remains an important source of national oil produ ) r t 1949 gas production, the greatest per- 

Hugot on Faeld which was responsil ie 


PRODUCTION for almost ; ent in 1949 in comparison to per 


Average crude oil production per day for Ka 
1949 was 274,422 bbl. Daily allowable product for ately cent of the total well comple 
Kansas was about 295,000 bbl for the first two mont! f , ' in seven counties, six of these 
1949; 275,000 bbl during March, April, May, a rT ) i cated on the Central Kansas Uplift in 
250,000 bbl during July and August; 270, 06 t , > t ansé [hese more active counties as shown by 
December; and for December the allowable was 27 bk h r of well completions are as follows 
The apparent discrepancy between the 1949 crude i ro ton 2 | sell, 320; Hooks, 311; Butler, 275 
duction figure for Kansas of 100,164,092 bt a a 3 St ord OS; and Ellis, 192. 
reported total of 102,873,779 bbl, is due te 
sion in the latter figure of 2,709,687 bbi : t ounties, Hussell hows the best 
} er cent dry holes, followed by 
ent dry holes, and Barton wath 3 
Details of 1949 production by fields are i nt dry les. The poorest record is that of Ellis 
Table 1. Production and pool drilling data r ( \ t per . iry holes. 
comparison with 1948 are shown below. 
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Oil And Gas Developments 
In East And East Central Texas During 1949 


By JOHN S. BELL,* Member AIME, 
and BILLY W. EVANS,** Junior Member AIME 


The year 1949 for the petroleum industry of East and be made. However, conservative estimates of their re- 
East Central Texas was, as in the remainder of the coun- serves are 4.1 million bbl. 
try, a period of transition in which the industry endeav- 


ored to adjust operations to meet the lessening demands The new pay zones in old fields include oil accumla- 


for petroleum products. The adjustment involved produc- tions in the Woodbine at Buffalo; Hodessa at South Tyler, 
tion curtailments to prevent waste and more careful Huxley and Coke: and Pettit at South Henderson. Ges re- 
serves were discovered in the Rodessa at Long Lake, James 
despite the reduced incomes caused by the diminished at Opelika, and Pettit at Steward’s Mill. 

production. Along with the reduced production rates, 

refinery operations and geophysical work were also cur- The one important extension during the year was in 
tailed. However, leasing and wildcatting indicated Alba Field 


handling of budgets to allow all operations to continue 


, Wood County, where Shel! 0:1 Co.’s Consumers 
increases in 1949 over 1948. Lipmite Co. lextended field limits one and one-half miles 


increasing the field oi] acreage to approximately 
1,500 acres. At present there are 22 producing wells in 


duced in East and East Central Texas, which is comprised the field, an increase of 18 since 1948. 


south 


During the year, 139.7 million bbl of o11 were pro 


of Railroad Commission Districts 5 and 6, as shown on 


the map. This production represents 18.7 per cent of the One of the most interesting wildcats completed in the 
746.2 million bbl of crude produced in Texas and 7.6 per jistrict during the year was Humble’s R. P. Mc Watters L, 


1OAC 
cent of the total United States production. The 1949 discovery well of the Freestone Field and the deepest 
production is a decrease of 20 per cent, or 34.4 million 


well drilled in East and East Central Texas. Although 
bbl, from that of 1948. having reached its 16,347 ft total depth in the Buckner 
formation prior to the end of 1948, the well was com- 

Wildcat drilling increased considerably during the pleted as a gas-condensate producer in the Pettit at 

year, 186 wells having been drilled by December 31 as 1 215 ; Jan. 29. 1949, 

compared with 122 for 1948. This exploratory work re 

sulted in new production from 17 zones in 15 new fields , 

work generally decreased during the year, 


and from one additional zone in each of eight fields 
discovered prior to 1949. crew weeks being spent in the dis- 
tivity increased slightly during the 
As listed in Table 2, the 15 new fields include 11 ely 300,000 acres of new leases were 
new oi! and six new gas reservoirs. The Sub-Clarksvi! le 
and Paluxy formations each contributed four new o1 : 
4/ 


re are natural gasoline plants oper- 


pools, the Rodessa two and the Strawn one. Of the six 
with atotal production of 3,384,000 


new gas reservoirs, three are Rodessa, two are Pettit 
and one is Woodbine. In the old fields, new pay discov cal iquid produ per day. There are nine yelling 
eries were as follows: Woodbine, one o11; Hodessa, tw with a daily output of 555,000 gal. 
oil and two gas; James, one gas; and Pettit, one o1! and , 

*s during 1949 resulted in a 34.4 


one gas. The new fields considered most important at 
production for the district from 


present and their producing tormation are Fast Sherman, 
»f the allowable cut was borne by 


Strawn; Tennessee Colony, Rodessa; North Lansing, 
Rodessa; Trawick, Pettit; Red Springs, Rodessa; Pewitt the iar ids in the district wath but two of the 
Ranch, Paluxy; and Pine Mills, Sub-Clarksville. Other r né i New Hope and Sherman Area, indicating in- 
discoveries were Bud Lee, Walter Fair and Lakeview ir - “cl r ction for the vear. The increased product ion 
Paluxy; Mineola, Coats and Nolan Edwards in the t th pe id lted largely from the water 
Clarksville; and Freestone in the Hodessa. None of ‘ inject t hich was initiated in 1945. The 
new fields have been developed sufficiently to perm e ! é experienced very rapid development 
accurate estimates of the ultimate productive acreage ¢ jut € eal iS interesting to note that the 
in one field alone, the East Texas 

much as the total yearly production 


Hawkins Fields, the next two largest 


first un)t-operated fields 
twentieth producing year in 


wh 


million bbl of oil 


over 


m the estimated original 





JOHN S. BELL AND BILLY W. 


bottom hole pressure of 1,230 lb, decreasing approx- 
amately two lb for each million bbl of oi! produced. 


Woodbine reservoirs accounted for 84.4 per cent the 
total 1949 production from the district. Twenty-six 
active Woodbine fields produced 117.9 million bb! 

the year. The Paluxy formation in 16 fields produce: 
million bbl in 1949, representing 7.7 per cent of the 
district's annual total. Both percentages indicate de 
year. 


ring 


creases from last 


Condensate production during the year was 6.8 
bbl, an increase of 0.2 million over 1948. The ma 
condensate fields in the district are Carthage, which 
produced 3.1 million bbl; Chapel Hill, which produced | 
million bbl; and Opelika, which produced 0.8 million bbl. 


There were 928 wells drilled in proven fields during 
the year; 775 were completed as 011 wells, 46 as gas 
wells, and 107 abandoned dry. A total of 4,073,7 ft of 
lepth of 


tt tor 


hole was drilled, giving an average per wel | 


4,390 ft for the field wells, compared with 4, 9% 


in proven field 


wildcat wells. The East Texas Field led 

development with the completion of 469 011 wells and 2! 
dry holes. Grayson and Wood Counties experienced 
creased drilling activity. In Grayson County approx: 
mately 37 wells were added to the Sherman Area Field, 
which was discovered in 1947, increasing the production 
from that field sufficiently to place it in the top ten 
producing fields in the district. Wood County saw 125 oi! 
wells, four gas wells and 16 dry holes drilled this year 
in its 12 proven fields. Other counties with ten 
producing wells drilled in proven fields were 
with 14 011 and eight gas; Harrison, 12 011 and 15 gas; 
Henderson, 16 011 and two gas; Hopkins, 31 01! and no 
gas; Marion, six oil and five gas; Panola, three o1! and 
21 gas; and Van Zandt, 11 o11 and no gas. Bolivar Field, 
Denton County, showed renewed activity during the latter 
part of the year. At tne close of the year there were 63 
rigs running in East and East Central Texas. 


more 


nderson 


1,114 wells were drilled in East and 
? were 


In summarizing, 
East Central Texas during 1949. Of this number 
completed as oil wells, 55 as gas wells and 
abandoned as dry holes. 


65 were 
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Here’s how you can make this nationwide 
event produce results for YOU! 


October 15th-21st will be Oil Progress 
Week throughout the nation. In your own 
community it’s the time when people look 
to you for a report on the progress you and 
your industry have made. 

Last year thousands of oil men through 
took advantage of Oil 
with re 


out the country 
Progress Week to tell their story 
sults that paid handsome dividends in good 
will and good business. This year it is more 
than ever for you to explain 


America 


important 
how you are helping to provide 
with better oil products . . . higher-than 


ever standards of service. 
You’re the Winner! 
| YOU benefit when your customers know 


about the progress that results from com 


petition in oil. YOU gain when they realize 
how you compete with rival companies to 
win customer approval. For as the public 
learns what a great job you're doing they'll 
freedom 


understand that your business 


means more oil products, better oil prod- 
ucts, better service for them! Get people 
better acquainted with your business- 


your problems and your achievements 
and you create good will that’s sure to pay 
off for you and your firm in the long run 
Oil Progress Week comes just once a 
year, but it can benefit you the whole year 


through 


Oil Industry Information Committee 
50 West 50th Street + New York 20, N.Y. 
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@ All the tie-in material you need to make Oil Prog 
r week is now ready. You can easily 
idapt it to fit your needs. Tie-in ads . 
booklets motion pictures . 
poster designs 


ress Week you 
. sample 
speeches window 
streamers .radio material—it’s 
all ready to use—the biggest, best tie-in package the 


oil business has ever put together 
office NOW! 


address listed above. 


Get in touch with your local O.1.1.C 
Or write to national office 


Don’t miss this chance to win new 
friends in your community ! 
Make OIL PROGRESS WEEK Your week! 
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A MORE LIBERAL POLICY ADOPTED 
AT AIME BOARD MEETING 


Revisions in the methods of naming os l ‘ f AIMEE trom 1943 to 19% 
the Nominating Committee and electing oat \ y ce-President the last three 
Directors were completed at the June 

22 meeting of the Board. when new nd ‘ i ‘ on of the Institute 
bylaws to ive effect to the recon in ‘ ontroversial matters was 
mendations of the Peirce committee : rd at its meeting. June 
were passed. The new bylaw is essen : ‘ nbers of the Institute had felt 
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for three-vear terms. Provision is mace Armco St f ‘ bud WHEREAS, one of the purposes of 
that each of nine of the ten districts in in 1909, S ely he ee e American Institute of Mining and 
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to one Director on the Board to repre wart . ! ts constitution, “to promote the art 
sent its interests it tenth district, the dent t ! ences connected with the 
New York metropolitan area is entitled tendent production of the useful mineral 
ind the welfare of these 


se industries by all law 


Members Urged to Improve I means,” and 


WHEREAS, the Mineral Keonom 


Their Status in AIME “of the Intitate Tels tha th 


iunciated at the meeting of the 


Man Institute members holding mere! , Directors on Feb a 1934 


sponsible profess onal positions itt . " reir from ofheial participaty 
classed as Associate Members rather thet n controversial nontechnical 


than Members. This is usually because es shincte” te anduly con 


oie i On ee oo ee LL OOASTAL WORKS STURN 


membership th qualifications 


vires nee SET IN CALIFORNIA nd Local Sections of the Inet 


Member lo qualify for the latter « | ! encouraged to hold meeting 


that Branche nD 





gory mnie must have had at least si | i ind forum ind to pul 
vears) employ i n the practice o ? | er n the Institute journals a 
mineral engit rin voin the ica ,, f for the objective discussion 
te ins o ‘ t pertaining to the econmomn 
mineral industry it ne | t ‘ ! mineral imdustr and 
least three years of which acted | ‘ loved therein. both 
held positions o spomsital f { ¢ and abroad ind 
issions te 
. , public 
1 change otf st o Member — i it r the Institute 
is they feel qualified The pre- ‘ ‘ Divisions, Local Sections 
i Member well justite " ' P representatives shall adopt as 
change. No cost is involved. and all 4 position on such matter Thi 
fees and privileges are the same Mere iit t t hall not be regarded as 
ly notify AIME headquarters that ve rohibition against an expressior 


wish to apply for the change in atus ' , nion by the Board on matter 





ipplic ition blank will sent i ng to the mineral industrie 





if we have one of the ru ? re « vital interest to the natior 


blanks for membershit - a a4 ! if danger oo > 


JOURNA F PETROLEUM TI C SECTION 2 
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Allen B. DuMont Laboratories, Inc 
Austin C. Lescarboura, Croton-on-Hudson, N.Y 


American Petroleum Institute 


Stouffer olwell & Bayles, Ir 


Sullivan 


Baker Oil Tools, Inc 
Theo. M. Martin Co., San Gabriel, Calif 


Baroid Sales Division, National Lead Co. 
Darwin H. Clark Co., Los Angeles, Calif 


Chase National Bank 


Hewitt, Ogilvy, Benso d Mather, In 


Core Laboratories, Inc 
Duvall Williams, Dallas, Tex 


Dowell Incorporated 
MacManus, John & Adoms, Inc., Detroit, Mich 
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Ted Workman Advertising, Dallas, Tex 
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PETROLEUM BRANCH MEETING CALENDAR 
AUGUST Through JANUARY 


AUGUST 9 Mid-Continent Section Pacific Petroleum Chapter 


Miner m ivision 
ineral Economics Divisio Sanuten Basin Section 


10 
17 
28 


Pacific Junior Group 
South Plains Sub-Section 


Pacific Petroleum Chapter 


Washington, D. C 


Southwest Texas Section 


DECEMBER 


SEPTEMBER 

7 Ilinois Basin Chapter 

iW Mid-Continent Section 

12 Delta Section 

13 Southwest Texas Section 
14 Pacific Junior Group 
19 Gulf Coast Section 

20 Kansas Section 

21 South Plains Sub-Section 


Petroleum Branch, AIME, 
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Gulf Coast Section 
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IIlinois Basin Chapter 

Mid-Continent Section 
Gulf Coast Section 
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South Plains Sub-Section 
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Oklahoma City Section 
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2 Mississippi Sub-Section 
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Illinois Basin Chapter 
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COSTS \iventiest.costs ..... opanstingieosts . . . 
We'd like to send maintenance costs are going to be most important 
in the days ahead. Lufkin maintains that their equip- 
ment has the lowest operating and maintenance record 
Commercial Gear in its field today. Our engineers will gladly give you 
a the facts upon request to our nearest office. Why not 
investigate today? 
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